In our previous report (1), we demonstrated that quinine could markedly increase methamphetamine-induced anorexia in rats. This finding was based on the results that the inhibition of food consumption and the growth curve was greater in the rats given methamphetamine in combination with quinine than those given methamphetamine alone (1). These results suggest that quinine enhances effects of methamphetamine.
Amphetamine-induced behavioral excitation in rats, consisting of increased exploratory behavior, grooming, forward locomotion or various stereotyped behaviors, had been described in detail by Randrup et al. (2) . The interactions between amphetamine-like stimulants (amphetamine, methamphetamine, etc.) and various drugs have been reported by many authors in terms of the behavioral changes (3-6). Therefore, the behavioral study is thought to be useful for the investigation of combined effects of amphetaminelike stimulants and other drugs.
The main purpose of this study was to investigate the interactions between methamphetamine and quinine in rats from the viewpoints of behavioral pharmacology. In Acute toxicity: Two hundred rats weighing 202.7±1.4 g were housed individually and divided into twenty groups with ten rats in each group. Ten doses (from 10.5 to 113.4 mg/kg, s.c.) of methamphetamine alone or in combination with a fixed dose (50 mg/kg, p.o.) of quinine were tested. All administrations were carried out between 1 3:00 and 14:00 to avoid diurnal variations in drug metabolism (8, 9). Deaths were recorded for three days after the drug administration.
The lethal dose (LD50) and 95% confidence limits were determined by the LitchfieldWilcoxon procedure (10) in animals administered methamphetamine alone or in combination with quinine.
Results
Behavior: The time courses of behavioral change induced by methamphetamine alone or methamphetamine combined with quinine are shown in Fig. 1 . The latency to onset, the duration and the maximum intensity of methamphetamine-induced stereotyped be havior are shown in Table 2 amine administration, potentiated very markedly the effect of methamphetamine both in degree and duration. However, the onset of methamphetamine-induced streotyped behavior was not altered by quinine. CMC solution (5 ml/kg, p.o.) or quinine (50 mg/kg, p.o.) alone did not produce any behavioral excitation during 6 hr of observation (Fig. 1) .
Acute toxicity: Deaths usually occured 3 hr after the injections of methamphetamine and were characterized by hyperpnea and convulsions. However, all data are presented as the number of deaths recorded 72 hr after the injection. Figure 2 shows the mortality in rats after administration of methamphetamine singly and combined with a fixed dose (50 mg/kg, p.o.) of quinine. Methamphetamine killed the rats in a dose-dependent manner. The mortality of methamphetamine was markedly enhanced by quinine. The LD50 for methamphetamine alone was estimated to be 79.7 (61.8-120.3) mg/kg, but it was decreased to 21.3 (14.5-28.0) mg/kg by quinine.
Discussion
The present results indicated that quinine enhanced the behavioral excitation (such as increased locomotor activity or development Table2. Effect of quinine on methamphetamine-induced stereotyped behavior in rats Methamphetamine (MA) was administered s.c. and quinine (0) was p.o.MA only (1); MA and Q administered simultaneously (2); 0, 60 min before MA (3); 0, 60 min after MA (4). Each value represents the mean±S.E. of 10 rats. aP<0.05, bP<0.01: Significant difference fromgroup 1. cP<0.01: Significant difference from group 2. dP <0.01 : Significant difference from group 3. Numerals following the drugs indicate their doses (mg/kg).
of stereotyped behavior) induced by methamphetamine.
It has been known that quinine at high doses can affect central nervous system functions (11). However, like the solvent (1% CMC solution), 50 mg/ kg, p.o. of quinine, tested in this study, it did not produce any change in the behavior. In addition, the onset time of methamphetamine-induced stereotyped behavior was not affected by quinine. These results suggest that the central effect of quinine is scarcely involved in the potentiation and prolongation of the behavior-stimulating effect of methamphetamine.
Furthermore, it was shown that the duration and intensity of methamphetamineinduced behavioral excitation were more pronounced in the rats given the drug prior to or simultaneously with methamphetamine than those given the drug after methamphetamine. These findings indicate the possibility that the enhancing effect of quinine on methamphetamine-induced behavioral excitation is due to inhibition of methamphetamine metabolism.
It has been reported that the excretion rate of methamphetamine in humans was dependent on urinary pH level (12, 13).
Methamphetamine is excreted in higher amounts at an acidic urinary pH than at an alkaline pH (12, 13) . However, our recent study indicated that the urinary pH in rats was not changed by the combination of methamphetamine with quinine (1). These results suggest that the enhancing effect of quinine on methamphetamine-induced behavioral excitation is not due to a change in the urinary pH level.
The present study also showed that mortality of methamphetamine was markedly increased by quinine at a dose of 50 mg/kg, p.o. However, it had been reported that 50 mg/kg, p.o., of quinine did not kill any rats even after a chronic administration (50 mg/ kg/day for 14 days) (1). Moreover, it had also been observed in mice that the mortality of methamphetamine was not affected by quinine (T. Suzuki et al., unpublished data) . Such a species difference may be explained by the fact that aromatic hydroxylation of amphetamine at the para position is the major pathway of amphetamine 'metabolism in rats (14-16), but it is relatively minor in mice (16, 17) . In addition, quinine itself is also hydroxylated by the liver microsomal enzymes (18) (19) (20) . Therefore, quinine may compete with the p-hydroxylation of methamphetamine and thereby delaysthe metabolism of methamphetamine. However, further studies are required to elucidate such a metabolic interaction between quinine and methamphetamine in relation to potentiation of the pharmacological or toxicological effects of the latter drug. given alone or in combination with a fixed dose (50 mg/kg) of quinine (Q). MA and Q were administered simultaneously. Each column represents the mortality of 10 rats during the 72 hr observation period.
